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Research on free critical pressure prediction of the FGM 
cylindrical shells under hydrostatic pressure based on 
the homogenization transformation method 
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Abstract: According to the classic Flügge shell theory ,the calculation method of the homogenization con- 
version of the physical properties and mechanical behavior similarity of functionally graded materials 
(FGM) and homogeneous materials is used to study the prediction method of the critical pressure of FGM 
cylindrical shells under hydrostatic pressure. Considering the influence of the fluid, the wave method is 
used to derive the vibration equation of the underwater FGM cylindrical shell coupled system, and the 
Newton iteration method is used to find the natural frequency of the FGM cylindrical shell under hydrostatic 


pressure ; According to the linear correlation between the critical load and the load level when the natural 


Wc #5 A # :2021-10-02 1# E BHA :2022-10-11 
SIE: HARIAS H (No. U1604135 11402077 ) EE OC BI H ( No. 202102210039 ) 


iB (S EXE Mi, E-mail; ymlxm(? 163. com 
F^) rk FGM lt: Ze ën Ir DB A J 


Sp. A, cb, ER. AE 


FLI]. o 


HR ,2023 ,40(4) :956-964. 


YANG Meng,LI Rong, LIANG Bin. Research on free critical pressure prediction of the FGM cylindrical shells under hydrostatic pressure based 
on the homogenization transformation method! J]. Chinese journal of applied mechanics ,2023 ,40 (4) :956-964 


E A H 


Fai, 5p. SETAE FGM RU ZE EP la WI FI TE, 


frequency is zero, the critical pressure of the FGM cylindrical shell under hydrostatic pressure is predicted 
and analyzed by the fitting curve method and the formula method after homogenization conversion , and the 
influence of various parameters of FGM cylindrical shell on the critical pressure of FGM cylindrical shell 
under hydrostatic pressure is discussed. The results show that the total value of the material elastic modulus 
E of the FGM cylindrical shell, geometric dimensions h/R and L/R of the FGM cylindrical shell, and 
changes in different boundary conditions have a greater impact on the critical pressure. Through the 
comparative analysis of multiple sets of calculation examples, the correctness and effectiveness of the 
method in this paper are verified , and the prediction accuracy is high and the calculation amount is small , 
which can provide a new exploration approach for the analysis of the mechanical behavior of non-uniform 
structures. 
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Fig. 1 FGM cylindrical shell model 
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Tab.1 The values of k,, under different boundary conditions 
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Tab.2 Comparison analysis of natural frequencies of underwater 


isotropic cylindrical shells with simply supported ends 
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Fig.2 The curve of the squared natural frequency variation of 


an isotropic cylindrical shell under continuously 
changing hydrostatic pressure 
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Fig.3 The curve of the squared natural frequency 


of an FGM cylindrical shell under continuously 


changing hydrostatic pressure 
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Fig.5 Variation of P,, with different L/R under SS-SS 
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Fig.8 The change curve of the square of the natural frequency 


of the FGM cylindrical shell under continuously changing 


hydrostatic pressure with different boundaries 
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ED ME Di L 
"FMI Fi Fi Fi 
HARE >1 1.4-5.0 0. 002 
HABE i — fi th 
ik :17-7700 CPU@ 3. 60 GHz, 16 GB FE ,64 [idi E BE. 
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Di Hut, ABA lair, HAE A PAGE. 

1) FGM [ESC TERR] SUA AR EF: PBA h/R.n 
SMA TIGA, BE L/R EK TTD ;h/ Rn A L/R AS 
AF , DFE BE ABLE od TÉTEBE EE E AER, P.L 
KPA ASE BEL, FGM BIEESETETHIS] A/R Le 
R FRESKY n (ARETE), ELBE AAR L/R FSK un [ECC 
SF 2; BUE p 1E, PERRA PT BL E/E; HE EXE PG 
ROK WI, EE, BET 1 IN, FGM [BRE FE Dy AE Re 

2) P. FEA TAAL FP ARM P,, (F -F a C- 
C) > P, (F-SS Bk C-SS) > P,, (SS-SS BE S-S) >P, 
(F-S BY C-S) > P,,(C-F xk S-SS) LBS, vele] e 2 
TE F PS A HL CF-F) 2X P8 Sig Wl] [8] ( C-C.) 1134148 
fF FGM [ASC p RL. 

3) HIR E, Rm FGM Bip E St 
HACK BE IKEA RA E E EAL ATT GR FEA 
R, AT Hey FGM [ESC AR aR AE 
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